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Motivation
A recent analysis of high-quality cumulative fission yields data for Pu-239 published in the peer-reviewed literature showed that the quoted experimental uncertainties do not allow a clear statement on how the fission yields vary as a function of energy. [Prussin2009] To make such a statement requires a set of experiments with well "controlled" and understood sources of experimental errors to reduce uncertainties as low as possible, ideally in the 1 to 2% range. The Inter Laboratory Working Group (ILWOG) determined that Directed Stockpile Work (DSW) would benefit from an experimental program with the stated goal to reduce the measurement uncertainties significantly in order to make a definitive statement of the relationship of energy dependence to the cumulative fission yields. Following recent discussions between Lawrence Livermore National Laboratory (LLNL) and Los Alamos National Laboratory (LANL), there is a renewed interest in developing a concerted experimental program to measure fission yields in a neutron energy range from thermal energy (0.025 eV) to 14 MeV with an emphasis on discrete energies from 0.5 to 4 MeV. Ideally, fission yields would be measured at single energies, however, in practice there are only "quasi-monoenergetic" neutrons sources of finite width. This report outlines a capability assessment as of June 2011 of available neutron sources that could be used as part of a concerted experimental program to measure cumulative fission yields. In a framework of international collaborations, capabilities available in the United States, at the Atomic Weapons Establishment (AWE) in the United Kingdom and at the Commissariat à l'Énergie Atomique (CEA) in France are listed.
Methods
The neutron sources described in this report were identified in two ways. Two internet databases, the Research Reactor database published by IAEA and the Research and Test Facility database published by NEA/OECD were mined. [IAEA2010] [OECD2009] Search parameters ranged from country, operational status, beam types to possibility of experiments, applications and others. Simultaneously, experimentalists were asked for suggestions. Interestingly, there was a very good overlap between their recommendations and what was found in the databases.
Selection of the facilities to contact for further information and potential inclusion in this compilation was done based on the internet search and experimentalist's recommendations. Commercial reactors, reactor facilities without a webpage, or those facilities that could be identified as focused on teaching and training were not contacted.
Points-of-contact were identified for each neutron source via the web or through experimentalists that had some knowledge of the facility. They were contacted by email and were asked to give information according to the set of criteria described in the first column of table 1 to 5.
Several neutron source facilities were initially contacted but were not included in the analysis for the following reasons:
-No answer was received.
-The facilities are specialized fission or monoenergetic sources dedicated to specific research topics, such as material sciences research at the Oakridge Neutron Sciences Center, which operates the Spallation Neutron Source (SNS) and the High Flux Isotope Reactor (HFIR). -The facilities indicated that they were dedicated to training and education.
While striving for completeness, it is entirely possible that some sources were not included which should have been. Please feel free to contact the authors with information on those facilities for inclusion.
Capabilities
The results are presented in table 1 to 5. Table 1 and 2 show US monoenegetic and fission neutron sources. Some US white neutron sources are given in Table 3 . They were included for the sake of completeness. Although the type of experiments currently envisioned will rely on well-characterized fission or monoenergetic sources, it is entirely possible that experiments using white sources will be planned later on.
Two potential neutron sources have been identified by our AWE point of contact. The Accelerator Steady Pulse (ASP) at AWE Aldermaston and the 3.5 megaelectron Volt (MeV) Van den Graaff accelerator at the National Physical Laboratory. At this time, it is unclear if the necessary authorizations to conduct experiments with special nuclear material are in place. In case they are not, the time required to obtain such authorizations is not known.
Several CEA neutron sources have been identified. The High Flux Reactor at the Institut Laue-Langevin (HFR/ILL) in Grenoble delivers the highest thermal flux of all facilities. Orphee is a reactor with at least one user-based beam line. Two fast flux critical assemblies Caliban and Prospero may be available at Valduc/DAM. Finally, a 4.0 MeV Van den Graaff accelerator is available at Bruyère-le-Châtel, and can deliver neutron beams with energy from 0.5 to 4 MeV as well as 14 MeV depending on the ion beam/target configuration. All facilities appear to have the necessary authorizations to conduct experiments with special nuclear material.
AWE and CEA capabilities are described in Table 4 .
During this assessment, it became clear that there is a fourth category of sources, those that are not currently operational but could be available. These include four "classic" fast critical assemblies (Godiva, Comet, Flat Top and Planet) which were recently moved to a dedicated facility at the Nevada Nuclear Security Site (NNSS). These assemblies, previously located at Los Alamos National Laboratory, were well characterized and used in criticality and reaction ratio benchmark experiments for decades. [NEA2005] The Dense Plasma Focus (DPF) fusion source at NNSS could be modified specifically for this experimental program and the 7 MeV accelerator that was used for the cargo neutron interrogation project at LLNL could be restarted. The 2 MV tandem accelerator at the TAMU Nuclear Science Center would need a license to produce neutrons. These capabilities are summarized in Table 5 .
Conclusion
There is a need to develop an experimental program that will reduce the measurement uncertainties significantly in order to make a definitive statement of the relationship of energy dependence to the cumulative fission yields.
Fission and monoenergetic neutron sources are available that could support these fission yield experiments in the US, as well as at AWE and CEA.
Considerations that will impact the final choice of experimental venues are:
-Availability during the timeframe of interest -Ability to accommodate special nuclear materials -Cost -Availability of counting facilities -Expected experimental uncertainties 
In-core size sample limited by available volume / neutron poison
Are there any target geometry restrictions?
Beam shape is square and target must be thin in one direction Tandem accelerator, 2H(D,n)3He and 3H(p,n)3He reactions.
Available beam intensity (1x10? neutrons/cm sq/sec)
Depends on the reactionUp to 10E+13 neutrons; 20 cm from source 10E+7 neutrons/cm 2 /s 6 beam lines (one is 30m TOF tunnel, well shielded, with beam swinger) see email below Neutron flux = 0.5 n/cm @ /s from 2 microA beam current on 7 atm (~103 PSI) pressurized gas cell. This neutron beam is not collimated, except for "Shielded source area" where the beam is well collimated through a shielding wall. Typically run with 200 ns between bursts, but this can be varied up to a microsecond. Sample distance to the end of the gas cell = 4.5 cm.
Beam energy level(s) (?mev neutrons)
Neutrons from 0.5 -20 MeV can be produced depending on the reaction used First reaction: monoenergetic n-beams from 4 to 18 MeV. Second reaction: neutrons from 1.5 to 7 MeV.
How does the facility characterize the beam intensity and energy -detectors, standards, calibration
Charge on target known within 10%. Apertured system with an aperture that can be varied from a few to 20 cm in diameter-Reference article on neutron energy measurements available. The terminal voltage was calibrated using well known nuclear reactions and the calibration transferred to an NMR system used in combination with a mass analysis magnet. Beam currents are measured in suppressed mode or in faraday cups depending on the design of the experimental system. The current is integrated with a beam current integrator that is occasionally checked with the Keithley constant current source.
We rely on the activation monitors from Au, Al, and Ni foils. You can use neutron detector in the beam and simulate the detector efficiency with MCNP to get the absolute neutron flux.
How well characterized is the beam

Very well, but it depends on what it means. Pulsing and bunching (timing information, precise neutron energy characteristics)
Monitoring of the time fluctuation of the n-beam using neutron detectors.
What is beam spot size?
Usually less than 3 mm diameter, one beam line has as scanner for irradiation of 1 cm 2 samples.
Collimated neutron beam is used for in-beam measurements. However in this case the neutron flux on target position (2.5 m from the gas cell ) is 2-E+04 n/cm 2 /s with average beam current (2H beam) of 1.5 microA. The collimated neutron beam has a diameter of 4.5 cm.
Evaluation of beam anisotropy -how isotropic is the beam that the target will see?
It is focused but is probably a gaussian
The beam is rather isotropic according to measurements with films. 
